Objective: To define competence in critical care ultrasonography (CCUS). Design: The statement is sponsored by the Critical Care NetWork of the American College of Chest Physicians (ACCP) in partnership with La Socié té de Ré animation de Langue Française (SRLF). The ACCP and the SRLF selected a panel of experts to review the field of CCUS and to develop a consensus statement on competence in CCUS. Results: CCUS may be divided into general CCUS (thoracic, abdominal, and vascular), and echocardiography (basic and advanced). For each component part, the panel defined the specific skills that the intensivist should have to be competent in that aspect of CCUS. Conclusion: In defining a reasonable minimum standard for CCUS, the statement serves as a guide for the intensivist to follow in achieving proficiency in the field. (CHEST 2009; 135:1050 -1060) Abbreviations: ACCP ϭ American College of Chest Physicians; CCE ϭ critical care echocardiography; CCUS ϭ critical care ultrasonography; GCCUS ϭ general critical care ultrasonography; IVC ϭ inferior vena cava; LV ϭ left ventricle, ventricular; RV ϭ right ventricle, ventricular; SRLF ϭ La Société de Ré animation de Langue Française; TEE ϭ transesophageal echocardiography; TTE ϭ transthoracic echocardiography; 2D ϭ two-dimensional Executive Summary Ultrasonography has widespread utility in the diagnosis and treatment of critical illness, and is a valuable and accessible tool for intensivists and pulmonary physicians. With proper training, intensivists and pulmonary physicians can achieve a high level of competence in all aspects of ultrasonography relevant to their specialty. The clinician needs to understand what constitutes competence in the field. A defined standard allows the formulation of training goals and serves to guide the clinician in developing proficiency in the field. The goal of this Consensus Statement is to define competence in critical care ultrasonography and critical care echocardiography.
membership of Ͼ 18,000. Both organizations have a strong interest in critical care ultrasonography (CCUS) and have collaborated to define the competencies in this field. Although this document is directed primarily toward intensivists, ultrasonography of the pleura and lung are also relevant to pulmonary medicine.
The purpose of this document is not to summarize the knowledge base of ultrasonography as it applies to critical care and pulmonary medicine, nor to evaluate the evidence supporting its use. Rather, the purpose is to describe the components of competence so that clinicians may have specific goals of training while they develop their skills. Competence is distinguished from certification, which is defined as the process by which competence is recognized by an external agency.
The working group for this statement was identified by the leadership of SRLF and ACCP, and consists of expert critical care and pulmonary specialists who use and teach ultrasonography in their daily practice. This document is based on the consensus opinion of these experts and is not an evidence-based guideline. The competence that we define is that which the intensivist should reasonably achieve for routine ICU operations and represents a minimum standard for a clinician who practices ultrasonography. It should not discourage the development of additional skills.
CCUS may be divided into general critical care ultrasonography (GCCUS) [thoracic, abdominal, and vascular], and echocardiography (basic and advanced). The only references cited are related to advanced critical care echocardiography (CCE) because a complete bibliography is outside the scope of this article.
Materials and Methods
This consensus statement is sponsored by the ACCP Critical Care NetWork Steering Committee, which identified ACCP representatives for this project; SRLF members were assigned separately. Working groups representing both organizations were responsible for different components of manuscript preparation. The contents of this statement should not be used for performance measurement or establishing competency purposes because they are not evidence-based as outlined by the ACCP Health and Science Policy Committee.
In a meeting of the entire panel, each working group presented their findings, the contents of the statement were developed following formal vote; all statements reflect unanimous opinion. A writing group circulated drafts of this document to all panel members for comment and final approval, followed by review and approval of the ACCP Critical Care NetWork Steering Committee and the executive committee of the ACCP Board of Regents.
Delphi Questionnaire
Validation of clinical competencies in CCUS was accomplished using the Delphi method of the Rand Corporation 1 and two panels of experts in the field. The Delphi approach was chosen because it represents an established method of obtaining anonymous expert opinion, determining levels of agreement, and evaluating the degree of consensus on a given topic. 2, 3 Responses were returned to an ACCP research methodologist for statistical analysis and determination of the level of group consensus.
The questionnaire consisted of 27 items assessing proposed competencies across six modules in the field of CCUS. These included pleural, lung, abdominal, vascular-guidance, vasculardiagnosis, and basic and advanced echocardiography. The questionnaire employed a 5-point Likert scale to assess the level of agreement to statements contained in the questionnaire as follows: 1, "strongly disagree"; 2, "somewhat disagree"; 3, "neither agree nor disagree"; 4, "somewhat agree"; and 5, "strongly agree."
Expert Panel Selection and Instructions
To assure that the proposed competencies are relevant to the real-world needs of the intensivist, the specific competencies were validated by two groups of intensivists with different levels of experience in CCUS. The questionnaire was given to the participants and faculty of an ACCP ultrasound course and took 20 min to complete. The faculty also scored one additional item related to pleural CCUS and five items that related to advanced CCE that were not given to the course participants. Answers were collected anonymously using a standard computerized response system. There was no advance notice that the questionnaire would be given, nor was the rationale known.
Statistical Analysis
To evaluate whether these competencies were relevant to practitioners in CCUS outside the working group, we evaluated the levels of agreement among clinicians with different levels of experience. Consensus on a topic can be determined if a percentage of the votes falls within a prescribed range. 4 -7 In this statement, agreement was assessed on two levels based on answers to the following questions: (1) Does each group of expert respondents agree with the proposed competency under consideration? and (2) Does each group of expert respondents agree with the opinion of the other expert group on a proposed competency? The results of the data analyses are expressed as the percentage of respondents (total agreement) scoring an item as either 4 or 5 on the Likert scale. Agreement with a proposed competency under consideration was defined as a mean total agreement of the expert groups of Ն 70%. If this condition was met, consensus was established and the proposed competency was defined as appropriate.
The major statistics used in Delphi studies have been described elsewhere. 8 -12 We chose to express the levels of agreement in terms of percentage agreement (consensus), range, mean, and median 13 because these terms allow for the identification and potential influences of outlier responses.
Results

Analysis of Delphi Surveys
One group of respondents consisted of 126 participants of a 3-day course on CCUS. A second group of experts consisted of 18 faculty who taught the CCUS course. Appendix 1 summarizes the demographics of course participants.
There were 22 faculty members, of whom 18 had a 100% response rate; the 4 faculty members who did not have a 100% response rate were excluded because they had prior knowledge of the consensus statement content. The response rate of the course participant group varied, with rates of response to each question ranging from 78 to 94% with a mean response rate of 89%. Following testing, two participants reported that they were confused by the Likert scale rankings of agreement. However, their responses did not change the overall results. Appendix 2 summarizes agreement levels for each group for each competency module. The percentage agreement for course participants group ranged from 61 to 98%. The percentage agreement for the faculty group ranged from 61 to 100%. Acceptable levels of consensus were obtained for 26 of 27 statements (Ͼ 70%) based on the mean level of agreement of the two expert groups. Therefore, no additional rounds of questionnaires were administered to establish consensus.
As expected, a greater level of consensus was achieved with the faculty group than with the course participant group (26 of 27 statements), possibly reflecting their greater expertise and experience with CCUS. The level of agreement for the course participant group alone exceeded 70% for 17 of 20 statements, supporting the contention that the competencies proposed by the working group are relevant to the real-world needs of the intensivist.
The highest levels of consensus were achieved for the modules in vascular diagnosis and guidance. Consensus was not established for one statement of the advanced echocardiography module that addressed the importance of the measurement of transvalvular velocity gradient (61% agreement). Greater agreement on a statement of the vasculardiagnosis module addressing the importance of basic screening echocardiography in CCUS was found with the course participant group (96%) than the faculty group (89%). Median values for all responses were higher than the means, indicating that outlier responses may have skewed the mean level of consensus toward disagreement.
GCCUS
GCCUS is performed and interpreted by the intensivist at the bedside to establish diagnoses and to guide procedures. The elements of ultrasonography that are required to achieve competence in GCCUS are as follows: 
Overview
In performing GCCUS, the clinician assumes responsibility for all aspects of image acquisition. Therefore, competence in GCCUS requires knowledge of basic ultrasound physics and machine controls, performance of a systematic scanning sequence, knowledge of normal and abnormal anatomy, the influence of patient positioning on imaging quality, and mastery of transducer manipulation. In addition to technical skills, cognitive skills required for image interpretation and application of the information derived from ultrasonography to the clinical situation are required.
A machine with good quality two-dimensional (2D) imaging must be continuously available in the ICU. This is essential for clinical operations, training, and maintenance of competence. Whenever possible, examinations should be recorded and documented because image review and continuous quality improvement is an integral component of competence.
Basic Principles
Knowledge and skills required for competence in GCCUS include the following:
1. Knowledge of basic ultrasound physics. Ultrasonography images are generated by the interaction of ultrasound signals with tissue. An understanding of the fundamental principles of ultrasound physics is required to obtain highquality images and to understand and recognize artifacts of ultrasound imaging. 2. Knowledge of machine controls and transducer manipulation. The clinician must be able to acquire the ultrasound images personally at the bedside. 3. Knowledge of normal and abnormal ultrasound anatomy and the pathophysiologic consequence of the imaged abnormality. 4. Knowledge of image interpretation, clinical applications, and specific limitations of ultrasonography. 5. Knowledge of when the examination is beyond the technical or interpretative capability of the clinician performing the study. Frequently, GCCUS is performed as a limited or goaldirected examination. The intensivist seeks to answer the clinical question with a definitive positive or negative result from the ultrasound examination, and he or she must have the knowledge to identify an indeterminate result. Table 1 summarizes the requirements for competence in ultrasonography of pleura. An important application is to guide thoracentesis and pleural device insertion in the critically ill. This skill requires competence in the identification of a site, angle, and depth for safe needle penetration. To avoid inadvertent injury, a key component of competence is the ability to identify the anatomic structures that are listed. To evaluate for postprocedure pneumothorax, the assessment of sliding lung (see the "Lung Ultra-sonography" section) is a necessary component of competence, along with semiquantitative assessment of the remaining fluid and identification of intrapleural device placement. Table 2 summarizes the requirements for competence in lung ultrasonography.
Pleural Ultrasonography
Lung Ultrasonography
Abdominal Ultrasonography
Requirements for competence in critical care abdominal ultrasonography are summarized in Table 3 . An important application of abdominal ultrasonography is to guide paracentesis in the critically ill. This skill requires competence in the identification of a site, angle, and depth for safe needle penetration. To avoid organ injury, a key component of competence is the ability to identify the anatomic structures listed. Table 4 summarizes the requirements for competence in vascular ultrasonography for guidance of vascular access. Specific competence in guided vascular access requires integration of ultrasonography skills into real-time guidance of the needle into the target vessel. This requires knowledge of proper machine placement, transducer preparation with sterile cover, transducer manipulation, and ability to identify wire placement in the target vessel and the needle tip throughout the insertion maneuver. Assessment for lung sliding is a necessary component in ruling out pneumothorax (see the "Lung Ultrasonography" section).
Vascular Ultrasonography: Guidance of Vascular Access
Vascular Ultrasonography for Diagnosis of Venous Thrombosis
Requirements for competence in vascular ultrasonography for diagnosis of venous thrombosis are summarized in Table 5 . Competence requires knowledge of how to perform a compression maneuver (ie, the degree and vector of force application, and the number of sites of examination along the course of a vein).
CCE
CCE is performed and interpreted by the intensivist at the bedside to establish diagnoses and to guide therapy of patients with cardiopulmonary compromise. This part of the document defines the elements of echocardiography that are required to achieve competence in CCE.
Levels of Competence
Competence in CCE can be separated into basic and advanced levels. Basic CCE is performed as a goaldirected examination using transthoracic echocardiography (TTE) or transesophageal echocardiography (TEE) 2D imaging to identify specific findings and to answer straightforward clinical questions. Intensivists may readily achieve competence in basic CCE. Competence in advanced CCE allows the intensivist to perform a comprehensive evaluation of cardiac anatomy and function including hemodynamic assessment using TTE or TEE 2D and Doppler echocardiography. Competence in advanced CCE requires a high level of skill in all aspects of image acquisition and interpretation. Compared to basic CCE, advanced level competence requires far more extensive training and experience.
In performing CCE, the clinician assumes responsibility for all aspects of image acquisition and interpretation. For this reason, competence in both basic and advanced CCE requires the knowledge and skills of ultrasonography described previously. Unlike GCCUS, where the application of scan results to bedside management is relatively straightforward, the information derived from CCE requires a high level of cognitive training, particularly for advanced CCE applications. These may be categorized as those required for image interpretation and those required for integration of the results into an effective management strategy.
A key element of both basic and advanced level CCE is that a machine with high-quality 2D imaging 
Basic CCE
Basic CCE aims to answer a limited number of clinical questions commonly encountered by the intensivist. The evaluation is qualitative, targetoriented, and can be repeated after specific therapeutic interventions. Importantly, it favors specificity over sensitivity; definite findings will lead to changes in patient management, whereas uncertain findings require consultation.
Competence in Basic CCE
Competence in image acquisition of the following standard views is required: parasternal long and short axis views, apical four-chamber view, subcostal four-chamber view, and inferior vena cava (IVC) view. Table 6 summarizes the image interpretation skills required for competence in basic CCE. Competence in cognitive skills required for application of image interpretation results requires knowledge of the common clinical indications for the study. These include evaluation and management of hemodynamic instability, shock, cardiac arrest, unsuccessful response to acute therapy, and respiratory failure. Competence in basic CCE requires that the intensivist have the cognitive training to integrate echocardiography into management strategy. This requires recognition of the echocardiographic patterns listed in Table 7 . Requirements for competence in image interpretation include qualitative assessment of left ventricular (LV) cavity size (small, normal, or severely dilated), LV systolic function (normal, hyperdynamic, mild-to-moderate dysfunction, or severe dysfunction), and distinguishing homogeneous from heterogeneous patterns of LV contraction. Qualitative assessment of global right ventricular (RV) cavity size and function using the parasternal short-axis and apical four-chamber views (normal vs dilated, when RV size exceeds LV size); identification of pericardial fluid (with distinction from pericardial fat, pleural effusion, and ascites); and 2D findings consistent with tamponade physiology (right atrial/RV diastolic collapse, and dilated, noncollapsible IVC in spontaneously breathing patients) are requirements for competence. Measurement of IVC diameter (between the right atrial junction and the superior hepatic vein) and qualitative assessment of its respiratory variations (present or absent) in the subcostal view, including knowledge of problems with adequate interpretation of IVC dynamics (dis- 
Advanced CCE
Advanced CCE allows comprehensive hemodynamic evaluation and monitoring that is used to directly guide patient management at the bedside. Competence requires mastery of image acquisition for all TTE and TEE views that are standard to performance of a complete echocardiography study including full Doppler examination. Competence in image acquisition for advanced CCE is similar to that required for cardiologists trained in echocardiography. In addition, the intensivist must have specific competence in measurements of hemodynamic function such as dynamic indexes of preload sensitivity and detailed measurement of flows, pressures, and right ventricular function that are not part of standard echocardiography performed by cardiologists. Competence in image acquisition with TEE is strongly recommended as part of CEE, if this resource is available.
Requirements for competence in the cognitive elements of advanced CEE extend beyond simple image interpretation and knowledge of indications for the study; these are centered broadly on the assessment of acute cardiopulmonary failure. Table 8 lists some specific indications. To combine the information derived from the scan into a comprehensive management plan, competence requires that the intensivist be trained in critical care medicine, with special reference to the pathophysiology of hemodynamic and respiratory failure. This requires cognitive training in specific aspects of hemodynamic function that are listed in Table 9 . Competence requires knowledge of how to integrate the results of ad-vanced CCE into a management strategy that addresses the questions listed in Table 10 . The limited reference list serves as an introduction to some important applications of advanced CCE.
Although competence in advanced CCE is similar to that of cardiologist echocardiographers, some situations require cardiology consultation. These include prosthetic valve function, complex congenital heart disease, cardiac source of systemic embolism, and stress echocardiography. However, the intensivist develops competence in the measurement of hemodynamic function and integration of advanced CCE into bedside management strategy that is beyond the scope of most cardiologists. Because advanced CCE focuses on the critically ill patient with severe cardiopulmonary failure, specific competence in the following key elements of image acquisition and cognitive function is required.
1. Evaluation of fluid responsiveness. Measurement of dynamic indexes used to predict fluid responsiveness 14 -21 are required components of competence in CCE (Table 11 ). 2. Evaluation of LV ejection performance and size. Measurement of stroke volume, LV ejection fraction, LV fractional area change, 22 iden- tification of LV regional wall motion abnormalities, and accurate qualitative assessment of global LV systolic function 23 are required components of competence in advanced CCE.
Evaluation of RV systolic size and function.
Measurement of RV size and function is a required component of competence in advanced CCE 24 (Table 12 ). 4. Evaluation of LV filling pressure and LV diastolic function. Measurement of Doppler indexes [25] [26] [27] [28] [29] to evaluate LV filling pressures and LV diastolic function are required components of competence in advanced CCE (Table 13 ). 5. Evaluation of native and prosthetic valve function. Recognition and quantitation of significant native valvular regurgitation and stenosis using color and spectral Doppler is a required component of competence in advanced CCE. Comprehensive evaluation of prosthetic valve function is not a requirement for competence in advanced CCE; expert consultation may be needed in this situation. 6. Evaluation of the pericardial space. In the presence of pericardial effusion, recognition of signs of cardiac tamponade including diastolic collapse of the right atrium and of the right ventricle and exaggerated respiratory variations of tricuspid and mitral Doppler inflow velocities (in spontaneously breathing patients) are required components of competence in advanced CCE.
Conclusions
The purpose of this document is to define explicitly the competencies of CCUS. This statement has two important uses:
1. It may be used as a practical guide for physicians who seek training and for those who provide training in the field. With this standard statement of competence, the goals of training are now clearly defined. 2. It may be used as a foundation for developing training methods and standards, as well as providing a framework for developing a formal system of certification in the field of CCUS. 
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